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WHAT IS CLAIMED IS: 



1. 



A compound of the formula: 



R 5 




R 2 



wherein Y is CR*R2 O, S, -SO2, C=0 or -NR9; 
Z is CRlR2 O, S, -SO2 , C=0 or -NR9; 
Each G is independently CR1r2; 

Rl is hydrogen, halo or Ci-6 alkyl which is optionally substituted with one, two, or three substituents 
independently selected from halo or -OR8; 

R2 is hydrogen, halo or Ci-6 alkyl which is optionally substituted with one, two, or three substituents 
independently selected from halo or -OR8; 

or Rl and R2 can be taken together with the carbon atom to which they are attached to form a C3-8 
membered ring which is optionally substituted with one or two substituents independently selected from 
Ci_6 alkyl, halo or keto; 

R3 is Ci-6 alkyl or C2-6 alkenyl, wherein said alkyl and alkenyl groups are optionally substituted with 
C3-6 cycloalkyl, aryl, heteroaryl or one to six halo; 

R4 is Ci-6 alkyl substituted with 1-6 halo; 

D is aryl or heteroaryl, wherein said aryl or heteroaryl group, which may be monocyclic or bicyclic, is 
optionally substituted on either the carbon or the heteroatom with one to five substituents independently 
selected from Ci_6 alkyl, haloalkyl, halo, keto, alkoxy, -SR6, -OR6 N(R6)2 or -SO2R 6 ; 
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E is aryl or heteroaryl, wherein said aryl or heteroaryl group, which may be monocyclic or bicyclic, is 
optionally substituted on either the carbon or the heteroatom with one to five substituents independently 
selected from Ci_6 alkyl, haloalkyl, halo, keto, alkoxy, -SR6, -OR6, N(R6)2 or -SO2R 6 ; 

5 R5 is hydrogen, Ci-6 alkyl, Ci-6 alkyloxy, aryl, heteroaryl, C3-8 cycloalkyl, heterocyclyl, -OR 6 , - 

C(0)R6, - R7C(0)R6 -C(0)N(Ra)(Rb), -C(0)N(R9)(R9), -C(r7)(r8)0H, R7SR6, t -C(Ra)(Rb)N(R6) 2 
, C(Ra)(Rb)N(Ra)(Rb), -NR7c(0)NR7S(0)2R 6 , -SO m R6, -SC>2N(Ra)(Rb), -S02N(R7)C(0)(R9) t - 
S02(R7)C(0)N(R9)2, - N(R7)C(0)N(R7)(R6), -N(R7)C(0)R6, -N(R7)C(0)OR7, -N(R7)SC>2(R7), - 
C(Ra)(Rb)SC(Ra)(Rb)(R6), ^(Ra)(Rb>NR7c(Ra)(Rb)(R6), -C(Ra)(Rb)NH 2 , - 
10 C(Ra)(Rb)C(Ra)(Rb)N(Ra)(Rb), -C(0)C(Ra)(Rb)N(Ra)(Rb), -C(R a )(Rb)N(R6)C(0)R6 or - 

C(Ra)(Rb)C(0)N(Ra)(Rb), wherein said groups are optionally substituted on either the carbon or the 
heteroatom with one to five substituents independently selected from Ci-6 alkyl, halo, keto, cyano, 
haloalkyl, hydroxyalkyl, -OR6, -NO2, -NH2, -NHS(0)2R 8 , -R6S02R9, -SOmR7, C(0)N(Ra)(Rb), 
heterocycyl, aryl, or heteroaryl; 

15 

R6 is selected from hydrogen, Ci-6 alkyl, aryl, aryl(Ci-4)alkyl, heteroaryl, heteroaryl(Ci-4)alkyl, C3. 
8cycloalkyl, C3-8cycloalkyl(Ci-4)alkyl, or heterocyclyl(Ci-4)alkyl wherein said groups can be 

optionally substituted with one, two, or three substituents independently selected from halo, alkoxy, 
cyano, -NR a Rb -SRa or -SO m Ra ; 

20 

R7 is hydrogen or Ci-6 alkyl; 
R8 is hydrogen or Ci-6 alkyl; 

R9 is hydrogen, Ci-6 alkyl, aryl, C(0)R7, C(0)Ci_6 alkyl, C(0)aryl, C(0)heteroaryl, C(0)Ci-6 alkoxy, 
25 S02(Ci-6 alkyl), S02(aryl) or S02(heteroaryl), wherein said alkyl and aryl groups are optionally 

substituted with one, two, or three substituents independently selected from halo, alkoxy, cyano, -NR7, - 
SO m R7 or (Ci-6 alkyl)aryl; 

Ra is hydrogen or Ci-6 alkyl which is optionally substituted with one, two, or three substituents 

30 independently selected from halo or -OR6; 

Rb is hydrogen or Ci-6 alkyl which is optionally substituted with one, two, or three substituents 

independently selected from halo or -OR6; 

or R a and Rb can be taken together with the nitrogen atom to which they are attached or are between 
them to form a C3-8 heterocyclyl ring which is optionally substituted with one or two substituents 
35 independently selected from Ci-6 alkyl, halo, hydroxyalkyl, hydroxy, alkoxy or keto; 
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n is an integer from zero to two; 
m is an integer from zero to two; 
p is zero or one; 

or a pharmaceutical^ acceptable salt or stereoisomer thereof. 

5 

2. The compound of Claim 1 wherein R3 is C 1-6 alkyl optionally substituted with 

one to six halo. 

3. The compound of Claim 2 wherein D is aryl. 

10 

4. The compound of Claim 3 wherein D is phenyl. 

5. The compound of Claim 2 wherein E is aryl or heteroaryl, wherein said aryl or 
heteroaryl group is optionally substituted with one to five halo. 

15 

6. The compound of Claim 5 wherein E is phenyl or pyridyl. 

7. The compound of Claim 1 which is 

Ar 2 4(lS>i_(4-bromopheny^ 
20 yl]-L-leucinamide; 

4-fluoro-7V^(2/?3S>2-methyl^^ 
(methylthio)biphenyl-4-yl]ethyl } -L-leucinamide; 

4-fluoro-N^(2/^3S)-2-methyl-4-oxote^^ ( lS)-2,2,2-trifluoro- l-[4'- 

(methylsulfonyl)biphenyl-4-yl]ethyl } -L-leucinamide; 
25 W 2 -{(lS)-2,2^ifluoro-l-^ 
y 1] -L-leucinamide; 
A^(4S)-5-oxo-2-(trifluoromethyO 
yl)ethyl]-L-leucinamide; 

N 2 -((l^-l-{4 , -[l-(aminocarbonyl)cyclopropyl]biphenyl-4-yl}-2,2-difluor^ 
30 methyl-3-oxcH2-(trifluoromethyl)piperidin-4-yl]-L-leucinamide; 

N^(4S)-3-methyl-14^ioxido-5-oxotefr^ 

phenylpyridin-2-y l)ethy 1] -L-leucinamide; 

A^[(3S)-4-oxopyrrolidin-3-yl^ 

leucinamide; 
35 N^(3S)-2-methyl-4-oxo-l-(pyrimi^^ 

(methylsulfonyl)biphenyl-4-yl]ethyl } -L-leucinamide; 
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Af 2 -[(lS)-l-(4-bromophenyl)-2,2-difluor^^ 

L-norvalinamide; 

Af 2 -[( lS)-l-(4-{ 5-[ Hai^ 

difluoro-6-methyl-2-oxocyc!ohexyl]-L-leucinamide; 
5 ^-[(SSM-oxo^Ktiifluorome^ 

(methylsulfonyl)biphenyl-4-yl]ethyl } -L-leucinamide; 
Af'-KSS^-methyM-oxo-SKtrifluoro^ 
(methylsulfonyl)biphenyl-4-yl]ethyl } -L-leucinamide; 
N 2 -((lS)-l-{44Haminwarto^ 
10 (trifluoromethyl)-4K>xoteti^y 
N^(15;2J?)-3,3Hiiflu^ 

(methylsulfony l)bipheny l-4~yl]propyl } -4-fluoro-L-leucinamide; 
W 2 -((lS)-l-{44Haminocarbonyl^^ 

metJiyl-l-(methylsulfonyl)-5-oxopiperidin^-yl]-L-leucinarnide; 
15 W 2 -[(liS)-l-(4~bromophenyl)-2,2^ 
leucinamide; 

Benzyl 3-( { N-[( 1 S)- 1 -(4-bromophenyl)-2,2,2-trifluoroethyl] -L-leucyl } amino)-4-oxopyrrolidine- 1 - 
carboxylate; 

Af 2 -{(lS>2,2-difluoro-l-[4Xmethy^^^ 
20 (trifluoromethyl)cyclopentyl]-L-leucinamide; 

ethyl 4-[(4-fluoro-W- { ( 1 S)-2,2,2-trifluoro-l -[4Xmethylsulfonyl)bipheny l-4-yl]ethyl } -L-leucyl)amino]-3- 
oxopiperidine- 1 -carboxylate; 

tert-butyl 3-[(4-fluoro-N-{(lS)-2,2 t 2-trifluoro-l-[4 , Kmethylsulfonyl)biphen 
leucyl)amino]-4-oxopyrrolidine-l-carboxylate; 
25 ethyl 3-({4-fluoro-W-[(lS)-2,2>rt^ 

yl)ethyl]-L-leucyl}amino)-4-oxopyrrolidine-l-carboxylate; 
4-fluoro-#M3-oxcHl-phenylpiperidm-4-yO^^ 
yl]ethyl } -L-leucinamide; 

N 1 -(l-acetyM-oxopyrroUdin-3-yl)^-fluoro-A^{(lS)-2,2,2-trifl 
30 y l]ethyl } -L-leucinamide; 

ATM l-benzoyM-oxopyrrolidin-3-ylM^ 

yl]ethyl } -L-leucinamide; 

methyl 3-({/H(lS)-l-(4-bromophenyl)-2,2 f 2-^ 

1-carboxylate; 

35 methyl 3-[(N-{(lS)-l-[3 , -bromo-4^methylsulfonyl)biphenyl-4-yl]-2,2,2-trifluo 
leucy l)amino] -4-oxopyrrolidine- 1 -carboxylate; 
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N 1 - { l-[(benzylanuno)carbonyl]-4-oxopyrrolidin-3-yl } -4-fluoro-7V2- { ( 1 S)-2,2,2-trifluoro- 1 -[4- 
(methylsulfonyl)biphenyM-yl]ethyl}-L4eucinamide; 
#MHanmnocarbonyl)-4-oxopyrrolW^ 
(methylsulfonyl)biphenyl-4-yl]ethyl } -L-leucinamide; 
5 4-fluoro- Nl-{l-[2-(methylsulfonyl)ph^^ 

(methylsulfonyl)bipheny l-4-yl]ethy 1 } -L-leucinamide; 

4-fluoro- Nl-(4-oxo-l-{ [(phenylsulfonyl)amino]carbonyl } pyirolidin-3-y l)-iV2- { (lS)-2,2,2-trifluoro-l-[4- 
(methylsulfonyl)biphenyl-4-yl]ethyl } -L-leucinaraide; 

Afl -[ 1 -{aminocarbonyl)^-oxopyixolidiii-3-yl]-4-fluoro-iV2-{ ( l S)-2,2,2-trifluoro- 1-[4- 
10 (methylsulfonyl)biphenyl-4-yl]ethyl}i-leucinainide; 

4-fluoro-A^l-[3-oxo-l-(pyridin-2-ylsulfonyl)azepan-4-yl]-A^-{ ( 1 S)-2,2,2-trifluoro- 1 -[4- 

(methylsulfonyl)biphenyl-4-yl]ethyl}-L-leucinamide; 

4-fluoro-Wl-(3-oxoazepan-4-yl)-W^ 

leucinamide; 

15 Af2-(( lS)-l-{ 4'-[ 1 Kaminocarbonyl)cyclopropyl]biphenyl-4-yl }-2,2,2-trifluoroethyl)-4-fluoro-//l-[3-oxo- 
1 -(pyridin-2-ylsulfonyl)azepan^-yl]-L-Ieucinamide; 

Nl -[6,6-difluoro-3-oxo- 1 -(pyridin-2-ylsulfonyl)azepan-4-yl] -4-fluoro-iV2-{(is)-2,2,2-trifluoro-l-[4 l - 
(melliylsulfonyl)biphenyl-4-yI]ethyl}-L-leucinainide; 

Af 1 -[6,6-difluoro-4-oxo- 1 -(pyridin-2-ylsulf ony l)azepan-3-y 1] -4-fluoroiV 2 -{ ( 1 S)-2,2, 2-trifluoro- l-[4- 
20 (methylsulfonyl)biphenyl-4-yl]ethyl } -L-leucinamide; 
H4-fluoro-A^{(lS)-2,2>trifluoro-H^^^ 
4-fluoro- A^4-oxotetrahydrofiu-an-3^ 
yljethyl } -L-leucinamide; 

4-fluoro-7Vl-[ l-(methylsulfonyl)-3-oxoazepan-4-yl]-N2-{ ( 1 S)-2, ^-trifluoro-H^- 
25 (methylsulfony l)biphenyl-4-y l]ethy 1 } -L-leucinamide; 
A#-{ ( lS)-l-[4*-(2,2-difluo^ 
(pyridin-2-ylsulfonyl)azepan-4-yl]-L4eucinamide; 

4-fluoro-//l -[1 -(methylsulfonyl)-3 -oxoazepan-4-yl] -A^2- { ( 1 S)-2 t 2,2-trifluoro-l -[4- 
(methylsulfonyl)biphenyl-4-yl]ethyl } -L-leucinamide; 
30 Nl-[l-(benzylsulfonyl)-3-oxoa^ 

(methy lsulf onyl)biphenyl-4-y l]ethyl } -L-leucinamide; 
4-fluoro-Nl-{l-[(l-oxidopyridin-2-yl^ 
(methylsulfony l)biphenyl-4-yl]ethyl } -L-leucinamide; 

4-fluoro-NM l-[(l-oxidopyridin-2-yl)sulfonyl]-3-oxoazepan-4-yl ( 1 S)-2,2,2-trifluoro- 1 -[4- 
35 (methylsulf onyl)biphenyl-4-yl] ethyl } -L-leucinamide; 



-56- 



WO 2005/066159 



PCT/CA2005/000007 



1 S)-l-(4-bromopheny0^ 
yl]-L-leucinamide; 
A£-{(lS)-l-[3Hacetylamino)M^ 
ylsulfonyl)azepan-4-yl]-L-leucinamide; 
5 A£-[(lS)-l-(3'-acetylbiphenyl^yl)-2 f ^^ 
ylsulfonyl)azepan-4-yl]-L-leucinamide; 

4-fluoro-Afl -[3-oxo-l -(pyridin-2-y lsulfonyl)azepan-4-yl]-/V2- { ( 1 S)-2,2,2-trifluoro-l-[3'- 
(methoxymethyl)biphenyl-4-yl]ethyl}-L-leucinamide; 

4-fluoro-Art-[3-oxo-l -(pyndin-2-ylsulfonyl)azepan-4-yl]-N2-{ ( lS)-2,2,2-trifluoro- 1 -[3- 
1 0 (trifluoromethoxy)biphenyl-4-yl]ethyl } -L-leucinamide; 

4-flupro-Nl-[3-oxo-Hpyridin-2-ylsulfonyl)azepan^-yl]-7V2-{( 

(methylthio)biphenyl-4-yl] ethyl } -L-leucinamide; 

4-fluoro-AfM3-oxo-l-(pyrid^ 

methylethyl)biphenyl-4-yl]ethyl } -L-leucinamide; 
1 5 4-fluoro-Nl -[3-oxo- 1 -(pyridin-2-y lsulf ony l)azepan-4-y 1] -TV 2 - { ( 1 S)-2,2,2-trifluoro- l-[3- 

(methy Isulf ony l)bipheny 1-4-y l]ethyl } -L-leucinamide; 

A£-{(lS)-l-[3Xammosulfony 

(pyridin-2-ylsulfonyl)azepan-4-yl]-L-leucinamide; 

N2-(( lS)-l-{4 , -[(aminosulfonyl)methyl]biphenyl-4-yl }-2,2,2-trifluoroethyl)-4-fluoro-7Vl-[3-oxo-l- 
20 (pyridin-2-ylsulfonyl)azepan-4-yl]-L-leucinamide; 
4-fluoro-Wl-[3-oxo-l-(pyri^ 

[(methylsulfonyl)amino]ethyl}biphenyl-4-yl>ethyl]-L-leucinaiiiide; 
4-fluoro-Nl-[3-oxo-l-(pyridin-2-ylsulfonyl)azepan-4-yl]-^-((lS)-2,2,2-triflu 
methylpropyl)sulfonyl]biphenyl-4-yl}ethyl)-L-leucinamide; 
25 4-fluoro-A^l-[3<>xcHl<pyridm-2-ylsulfonyl)azepan-4-yl]-A^-{(lS)-2,.2,2-^ 
methylpropyl)bipheny l-4-yl]ethyl } -L-leucinamide; 

Af2-(( 1 S)- 1 -{ 4 , -[(tert-butylamino)sulfonyl]biphenyl-4-yl } -2,2,2-txifluoroethyl)-4-fluoro-Nl-[3-oxo-l- 
(pyridin-2-ylsulfonyl)azepan-4-yl]-L-leucinamide; 
4-fluoro-NM3-oxo-l-(pyridin-2^^ 
30 4-yl)ethyl]-L-leucinamide; 

4-fluoro-A/ r l-[3-oxcKl-(pyridin-2-ylsulfonyl)azepan^-yl]-N2-{ ( lS)-2,2 1 2-trifluoro-l-[3XlH-pyrazol-l- 
yl)biphenyl-4-yl]ethyl } -L-leucinamide; 

A#-[( 1 S)- 1 -biphenyl-4-yl-2,2,2-trifluoroethyl]-4-fluoro-iVl-[3-oxo- 1 -(pyridin-2-ylsulfonyl)azepan-4-yl]- 
L-leucinamide; 
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A£-{(lS)-l-[3Xaminosulfonyl)biphenyl^ 

ylsulfonyI)azepan-4-yl]-L-leucinamide; 

4~fluorcHM-[3K>xcHl-(pyridm^ 

{ [(methylsulfonyl)amino]carbonyl }cyclopropyl)biphenyl-4-yl]ethyl} -L-leucinamide; 
5 4-fluoro-WM3-oxcHl-(pyrid^ 

y lsulf ony l)bipheny 1-4-y l]ethyl } -L-leucinamide; 

4-fluoro-iVl -[3-oxo- 1 -(pyridin-2-ylsulfonyl)azepan-4-y 1] -A/2. { ( i S) -2,2,2-trifluoro- 1 -[2- 

(methylthio)biphenyl-4-yl]ethyl } -L-leucinamide; 

7V24(lSH-(2'-acetylbiphenyl-4-yl)-2,2^^ 
10 ylsulfonyl)azepan-4-yl]-L-Ieucinamide; 

4-fluoro-ATl-[3-oxcHl-(pyridin-2-ylsul^^^ 

(methoxymethyl)biphenyl-4-yl]ethyl } -L-leucinamide; 

4-fluoro-Afl -[3-oxo- l-(pyridin-2-ylsulfonyl)azepm 

leucinamide; 
15 4-fluoro-#l-[3-oxo-l-(pyridin-2-ylsulfo^ 

(methylsulfony l)biphenyl-4-yl]ethy 1 } -L-leucinamide; 

WM3,3-dimethyl-5-oxotetrahydro-2^ 

(methylsulfony i)bipheny 1-4-y l]ethy 1 } -L-leucinamide; 

ethyl 3-[(4-fluoro-AM(lS)-2,2,2-trifluo^ 
20 oxopyrrolidine- 1 -carboxylate; 

ethyl 3-({4-fluoro-7V-[(lS)-2,2,2-trifluo^ 

yl)ethyl]-L-leucyl } amino)-4-oxopyrrolidine-l-carboxylate; 

tert-butyl 3-oxo-4-[(A4(lS)-2,2,2-trifluorc^ 

leucy l)amino]py rrolidine- 1 -carboxylate; 
25 Wl-[l-(methylsulfonylM-oxopy^^ 

yljethy 1 } -L-leucinamide; 

Afl-(4-oxopyrrolidinium-3-yl)-A£-K^ 

leucinamide chloride; 

Arl-[4-oxo-l~(pyridin-2-ylsulfonyl^ 
30 (methylsulfonyl)biphenyl-4-yl]ethyl } -L-leucinamide; 

ethyl 3-oxo-4-[(N-{(lS)-2,2,2-t^ 

leucy l)amino]pyrrolidine- 1 -carboxylate; 

4-fluoro-M-[4-oxo-Hpyridin-2-yfc^ 

(methylsulfonyl)biphenyl-4-yl]ethyl}-L-leucinamide; 
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methyl 3-[(4-fluoro-iV-{(lS)-2,2,2-^ 
4-oxopyrrolidine- 1 -carboxylate; 
ethyl 4-[(4-fluoro-iV-{(lS)-2,2,2-trifluoro^^ 
oxoazepane-l-carboxylate; 
5 A£-{(lS)-l-[4H2,2^uoro-l-hydroxyetty^ 

(p}oidm-2-ylsulfonyl)a5^pan-4-yl]-L-leuciiiamide; 

or a pharmaceutical!/ acceptable salt or stereoisomer thereof 

8. A pharmaceutical composition comprising a compound according to Claim 1 and 
10 a pharmaceutical^ acceptable carrier. 

9. A process for making a pharmaceutical composition comprising combining a 
compound according to Claim 1 and a pharmaceutical^ acceptable carrier. 

15 10. The use of a compound of Claim 1 for the preparation of a medicament useful in 

the treatment of: osteoporosis, glucocorticoid induced osteoporosis, Paget' s disease, abnormally 
increased bone turnover, periodontal disease, tooth loss, bone fractures, atherosclerosis, obesity, 
rheumatoid arthritis, osteoarthritis, periprosthetic osteolysis, osteogenesis imperfecta, metastatic bone 
disease, hypercalcemia of malignancy or multiple myeloma, in a mammal in need thereof. 

20 

11. A pharmaceutical composition comprising a compound of Claim 1 and another 
agent selected from: an organic bisphosphonate, an estrogen receptor modulator, an estrogen receptor 
beta modulator, an androgen receptor modulator, an inhibitor of osteoclast proton ATPase, an inhibitor of 
HMG-CoA reductase, an integrin receptor antagonist, or an anabolic agent, a selective cyclooxygenase-2 

25 inhibitor, or a pharmaceutical!/ acceptable salt or mixture thereof. 

12. The use of a composition of Claim 1 1 in the preparation of a medicament useful 
in the treatment of: osteoporosis, glucocorticoid induced osteoporosis, Paget' s disease, abnormally 
increased bone turnover, periodontal disease, tooth loss, bone fractures, atherosclerosis, obesity, 

30 rheumatoid arthritis, osteoarthritis, periprosthetic osteolysis, osteogenesis imperfecta, metastatic bone 
disease, hypercalcemia of malignancy or multiple myeloma, in a mammal in need thereof. 
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